spermatid degeneration and testicular interstitial fibrosis, support a pathologic, not psychologic, etiology for this diagnosis (7) .
Some of the proposed mechanisms thought to cause PVPS include direct damage to spermatic cord structures, compression of nerves in the spermatic cord via inflammation, back pressure from epididymal congestion, and perineural fibrosis (6) . Unalleviated back pressure on the proximal stump of the vas deferens may cause sperm granulomas or epididymal blowout (8) . There may also be an immunological component to the etiology of PVPS via the formation of antisperm antibodies. Following the disruption of the blood-testes barrier during vasectomy, 60-80% of men have detectable levels of serum antisperm antibodies. These antibodies have been shown to trigger organized immune responses in animal models (9) . These potential mechanisms, either isolated or jointly, may ultimately lead to prolonged testicular or epididymal pain post-vasectomy.
Diagnosis
It is crucial to differentiate acute post-operative pain from PVPS. The most common symptom of PVPS is persistent orchalgia greater than three months after surgery, however, some patients present with pain with ejaculation, intercourse or erection. The differential diagnoses for these patients include neuropathic pain, infection, hydrocele, varicocele, inguinal hernia, intermittent testicular torsion, prostatitis, and psychogenic causes. Patients with PVPS often have a tender and/or full epididymis, tender proximal vas deferens, or palpable granuloma (10) . With a detailed history and physical exam serially for several months following vasectomy, a diagnosis of PVPS can be safely made.
Ultimately, the diagnosis of PVPS is most safely made as a diagnosis of exclusion. A thorough history and physical is required at least three months after surgery. All patients with chronic testicular pain should undergo scrotal ultrasound with Doppler color-flow. Routine urinalysis, urine culture and semen culture should be obtained to rule out infection. In cases of concomitant neurological symptoms, MRI is recommended to rule out nerve impingement. To isolate the scrotum as the origin for pain, a spermatic cord block may be performed. This entails injecting 10 cc of 1% lidocaine without epinephrine into the cord at its location 1cm medial to the pubic tubercle and injecting 0.9% normal saline as a placebo injection. If pain subsides after injection of lidocaine up to 1-2 days, then cord block can serve as a diagnostic test in confirming that the pain is referred to the scrotum via nerves within the spermatic cord and predict response to spermatic cord denervation. Thus, a comprehensive evaluation is warranted to best establish a diagnosis in patients with chronic testicular pain.
Management and treatment
Management of PVPS can be frustrating for both the clinician and the patient. Treatment should begin with the most noninvasive options and progress towards surgical management if symptoms persist ( Figure 1 treatment usually begins with scheduled non-steroidal antiinflammatory drugs (NSAIDs) for 4-6 weeks. If NSAIDs do not improve testicular pain, the second line medication recommended is a tricyclic antidepressant (TCA) or gabapentin. Some small retrospective studies have shown some improvement in patients with PVPS. TCAs have been proven to decrease neuropathic pain in other pathologies, including diabetic neuropathy and post herpetic neuralgia, by inhibiting the channels that link the neuronal synapses necessary in generating pain (11) . Anticonvulsants such as gabapentin have been recommended for relief from PVPS. However, most studies exhibit success with anticonvulsants in patients with idiopathic testicular pain rather than pain from PVPS (12) . Long-term use of narcotic pain medication is not recommended as a sustainable treatment option for patients with chronic PVPS.
Either exclusively or in combination with pharmacotherapy, pelvic floor therapy and/or acupuncture may be offered to patients with PVPS. Although there are no clinical trials proving the effectiveness of these modalities in PVPS, they are noninvasive and safe options to offer patients early in their diagnosis. Additionally, psychiatric evaluation may be warranted to rule out any mood disorder.
These nonsurgical treatment options are typically not long-lasting. Failed pharmacotherapy and noninvasive modalities should trigger surgical intervention. Surgical options include excision of sperm granuloma, microdenervation of spermatic cord, epididymectomy, vasovasostomy and in severe cases, orchiectomy. Of note, it is crucial to counsel patients that surgical interventions are not guaranteed to completely relieve pain and symptoms of the PVPS may continue or even worsen after surgery. This risk is particularly essential to document in all surgical informed consents ( Table 1) .
Microdenervation of the spermatic cord (MDSC) is the precise transection of all nerves within the spermatic cord. Care is taken to avoid all vasculature and lymphatic drainage. MDSC is useful in identifying intra-scrotal pathology as the etiology for scrotal pain. Patients who had effective temporary relief with spermatic cord block predicted a successful MDSC. One study specifically evaluated the use of MDSC in patients with PVPS. This study by Ahmed et al. performed MDSC on 17 patients with PVPS, and 76.5% of patients had complete resolution of pain at first follow-up visit (13) . Several other studies have proven the effectiveness of MDSC in patients with various etiologies for chronic orchalgia (14, 15) .
Epididymectomy is most effective when pain is localized to the epididymis and not diffused around the entire cord or testicle. Several studies have been conducted to demonstrate the role of epididymectomy in treating PVPS. One study by Chung et al performed epididymectomy with simultaneous injection of hyaluronic acid and carboxymethyl cellulose to prevent fibrosis in PVPS patients, and this resulted in even better pain relief results (16) .
Vasectomy reversal, or vasovasostomy, has been shown to significantly improve pain in patients with PVPS. This method directly alleviates the back pressure caused by obstruction at the proximal stump of the vas deferens. Many single-center studies demonstrate the high effectiveness of vasovasostomy, with up to 93% of patients reporting improvement of pain (17) . The obvious downside of this treatment option is the return of initially unwanted fertility. Additionally, this option may not be covered by health insurance, thus making it cost prohibitive for patients with PVPS.
Orchiectomy serves as a last resort for relief of PVPS if all other surgical options have failed in resolving symptoms. Inguinal orchiectomy is preferred over scrotal orchiectomy due to higher likelihood of complete resolution of pain post-operatively (18) . Although effective, the hormonal effects of this radical therapy make this an option only after exhausting all other medical and surgical options.
Conclusions
Vasectomy is one of the most common procedures for elective male sterilization in the United States. As the number of vasectomies performed climbs, PVPS is becoming more prevalent. Because the pathophysiology of PVPS can be difficult to pinpoint, the diagnosis and treatment of this disorder can become equally challenging. Patients with PVPS are significantly affected by their symptoms. As a diagnosis of exclusion, patients often go through a rigorous work up and are eager to start treatment once their diagnosis is established. PVPS treatments range from noninvasive therapies and pharmacologic treatments, to surgical interventions. Thorough understanding of the potential etiologies of PVPS along with the therapeutic options currently available is important to improve quality of life.
